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20 S 39,000 

67 S 227,800 

0 2i 0 

OS- 0 
266,800 

:'H&i(70%^^e) 
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^iBl, 1 o]^o] 1 o]^o] Al^ello]^ 71-^71, 1 ol>^l-o^ §>H^fl^ 

^eflojEi, 1 ojAj-o^ ^ssB]-ol^Ai^^fl ^3]. oc^ei 7>xl cf^ ^^o^ 1- 
S 1 
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^ ^'^{Verification Apparatus Supporting the Use of Unifying Different 
Verification Platforms, and the Verification Method Using the Same} 

<i> SLl (a)^ ^ ^^o^l 23-^ ^711 ^V^l^ <ll oll# yfl^a] o.^ 51^1*!: £ 

<2> £1 (b)<Hl^i-^Bl £ l(s)Z7l-Xl^ ^ ^T^o]] ^^]o^ a 4^ 

<3> £2 ^, ^ ^^^oil ^711 ^1-^1^ <a ojicHjA] ^sj^ §1-:e. 

<4> £3 ^, ^ ^^^^1 ^Tj] ^^1^ ^ c^jc^lA-] 

^|c>3o11^5^1olEi l^xji^ A] ^5^1 o] 7^71-^71 1^;^!^ SSSB]-o]3gA]^Bflol]A-l 

l^^S. ^^^^ 7fl5fa] O.^ SA]^ 

<5> £4 ^, ^ ^711 ^v^l^ <a <^l<^l^i 1^1- ^^J* 
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^I^<='111: 511^1^1 ^^]^ ^m^ll ^1^71-^71 vflxl^ S^SBfol3gA]^B^ollA-] 

<6> 515 ^, ^ ^1-^1^ <a <^l<=>1lAi l^V 

<7> £6 ^, ^ ^^<^1 ^*!: ^711 ^V^l^ <a c^loll^l 1;^]- 

<8> £7 ^, ^ ^*!r ^711 ^1-^1^ <a ojjollA] 1^1- 

^«j5r>3i, o]^o] ^sjo. 2 01 ^1-0] ppQA ^1^1 ^«J^>^ 31- 

711 ^^^s :£Al^ 

<9> £8 ^ ^ ^^^^^l^l^l ^V^l^ ol-g-^H ^TlHl #711 §1-^ 1 ^l^ol-^ ^^1 

<io> £9 ^ ^ ^^^<^lA-l^ ^^1# oi-g-^i-c^ ^^1 ^«S^>^ 31-;^^^ 

711^2] £Ai*v ^A-i:£ 
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<ii> <S.^^ ^A^^oil tfl^ ^^$] 

<i2> 28 : HS-SBl-ol^Al^i^oj Al^^B^^HH^flo] ^^idS 

<i3> 29 : ^11-511 ^1^7>^ 71^1 ^l^^^fl^iHH^^l^H ^ssjidH 

<i4> 30 : ^1-:b^-11c:H'^11:511'=>1b1s] A]iBfl^s;E ^ It] Ids 

<i5> 31 : ^711 ^i^M- TflclH^^^ tils 

<i6> 32 : J2.'i^A>7l ^Al-71 33 : ^l^eH^^lB] 

<i7> 34 : 4iHH^-ll<=H'^l^i S^'^l 1 ^Hi-^ ^^Bl^oil sj-^^om- 

<18> 35 : ^^Bl 

<i9> 36 : §>:b^^1c>1o]11-511o]e^ §>:b^|c>1 ^sj^s 

<20> 37 : ^1^511 ol^7l-^7l §1-:b^|c>] ^lElidH 

<2i> 38 : HS-SB^-ojjgAl^^Bfl ^ej^^*^ §>:e.^^1o1 ^sjVlS 

<22> 39 : ■S>=^-ll<H7l«]:2l ^l^^^^^iSH^^l^ ^sjidH 

<23> 40 : SSSBfo]3gA]^^^o] o^^o] o^o^ ppQy^ jg^jc 
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<24> ^ ^^1^ ^n^J: 7\]o]^^ o]^l-o^ tq^ll- X\^^^$] ^^§>^ 

^A^S., ^711^ TflolH^ c:'l^>^ V]^]^ Al^^u^^ ^11:511^1^, 

§1-31x1- §l-ir ^^'^l ^j^^ JL^^j* ^7l-Al?l^ ^1-^1 ^ 

<25> ^^<^] ^;^1 ^ wl-:£^l ^^j7l^ol ^^§>7ll ^^^ofl xi\.^ rl^l 

^ ZL ^^^ol q-§l ^^i-sflxlji ^^il^^l^a, ol^l- ^^il^ 711^^ s^cfl 

SlJl 9X^ ^^S. 7}77}^ PlEfloll 7ll<='lH^ ^HT-^ <^H>5l31 ^tij-. ZL 

sli^-, Al^J-oiiAio^ d ^Itsflxls-S. Bum M1<^1 ^^*!: ^1^^ 7ll 

^711 ^^§>7l ^ *!: jL^l-^o] wj-i^^ €-S.^j^l ^^]Ji 9.1^. 

<26> ^l^^l-^l^ ^711^ V]^]^ ^^1 ^^*>7l ^-^^O] 7l#ol 

<>| (Hardware Description Language, '^^S. ojl- HDLS. ^^^)# <^l-g-t!: ^^1 ^ 
7H1^ ^iiSH^I'^l^ HDL ^ll:5llolEi^(<:^l^ Verilog ^Hr^llolBi, VHDL 

^11:511 olE-1, i&ir SystemC ^11:511^1^-1 ^)ol ^l-g-sl ai ^1 ji o^uf. oi^f 

AllrellolBl^ T:fl^>^S# iHS^fl<H ^j-^S. SL^i^*!: ^^H^ ^^S^ 

^ Al^^^S. ^A^^ 4lHH^|<^ ^HlA-l ^^l-^O.^ ^Sj^l-exlo]: ^O. 
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(System On a Chip, §>^S.^ SOCS. ^l^) ^ <s]- ^o] lOOO^ 7llc:>lH 

^ oj^i-o^ ^7^1# HDL Al^^loiE-]^ ^11:511^1^*1-^ ^^o]] €^*>fe ^1^ H 
S^iMil- ^^^^ ^^fEi'^l^l §11^ HDL Al^eflojBlS ^7ll# ^ll:Sllol^§>i^ ^-fofl 
^llrell'^l^ eflxl^^Bl^^^^^CRegister Transfer Level, "^^S. ol# RTL^ 

^^^] 10 cycles/sec# ^7l7l olsl-fol, Tflol^ ^1^ 
ell^l^^ ^^S§>iS 1-2 cycles/secl- ^7l7l7l- o]^^ ^o] cfl^ "^^^^Ix^l-. =L^] 
M- «11^ €7ll# ^^^1-31x1- ^Att Al^eflc]^ Afo]^^ ^«flT?> ^l-^m-^l^i^ 

Bl ^tfl AVoj^o] ^A^O.^ ^x^l All-ell o]^ Al^^ ^>^>^ ^€*>7ll ^ 

i^. <=>Wel-, ^e^lfe '='1^ 4^^^ i^^m ^1^^^ ^7ll# All:5lloi^^ 

^1-g-^H ^^*l-fe ^^^1 ^^1 -S-^M ^-117-1% ^fe ^11^:^1^11 

^^j§>^ ^^1 ifltt 'Hel^c.] ^tflsl-ji o;[x:f. 
^l7l ^711 A>-g-£i^ 7li^#^ 1:1-^^ yA^o] ox^^, ^1-H.^-lH 

711^1:^1 Al>;tfl(dll^ ^11:^1 '^l ^71-^71 , §1-3^ ^-IH <^ll:5lloiEi, S^SBl-ojogAl 

-i-)^ ^l-§-*>7-m-, #^11^ ^^j^^Xproperty checking) S-'i^^Xmodel 
checking) ^^1^ ^7l-^ a} ( equivalence check ing)^^!- ^^^^( formal 

verification)^ ^f-g-^l-fe ^^1^. ^■^^<^ 7]^^ ^l^i^^^ Af-g-^l- 

^^1 ^7H1^ aj-g-o] w-7i.^^]-j7, ^Ajo]i4 ^sl-<^ ^l-^jo] HDL ^Ursllo] 

H]§ Al-g-5:>^ ^5fl ^BlTil, A}-^^}7]7} HDL ^11: ^fl o] ol] til Pfl^ o] 
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^^]^}^ HDL ^11:511 ^iBi oil tfl^ ^^£71- §>:^^fl^ 

Al^^^flofl til§>ci^ nfl-f ^Jl, HDL Al^5llo]Ei^fe o]--^ o^o] ^Sjo] 5]^ 

Ai-^£]jL sx^, ^^j: om^^ o]^ ^}B.no]7]^9] ^i^^i^^i^i^ 

n^^^ ;^l'H:£(controllability)Sf ^#£(observabi 1 ity)l- ^fl^*>^l ^^-3. 
€7^1^^i:fl^J-(DUV: Design Under Verification, ^Sfe DUVS ^t=^1^i-)<^1 #7fl§> 
^ S-^ ^M^^ ^^^>7ll ^^^S.7} 200% <^]-^^ ^'^^^ 71-xl 

^S.^ ^711 € ^tf^ ^}^^, <^]S^ ^J^^^ 71^^^ TZfl^l-ol S]^ 

3.7l7> T^^lTll 711^0] ^^(state explosion)^] ^ 

§H ^^^i ^Hl^i ^ejo] «-7].^sfl^t:^^ ^1^^^ ^^o] o^c]-. 

<28> a ^^1^^^^ ^>7l ^§>o^ ^7^1 3.B.Wr <^]^^ ^^J'^'l 

1:511 o]^ Al-o]^ollA-i:a-E^ 10,000,000 l^-i^S Al^S^jo]^ A}o]^77}^]) ol=-e>l;^0> 

^s^l-^ ^^^o] ti>H.Al ^A^l-cf. ol^f ^-o] :4;^^ollA-^ ^Att ^^1 

<^lAi e^fls:!-^ Alri^^rOlM- ^^-ircfl Tfl^ ^^(probing)<?ltll, c:>ls]- §^ 
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i^^lfe HSSBl-ol3§ o. ^o] ^ yj-i^oji:]-. neii-f, oj^q- ^o] i:fl^> 

<29> a cl-§ ^^1^^^^ n^-ajT?} Tllol:^^ o]4l-o^ i:^^!^ ^1^^^^ Jl^^^S. 

^#^>7l ^§11^1^ ^11:^11 oi^i, ^ll:efl<^1^7l-^, ^Hreflo]^, SSSE^-oi^g^ 

A^Sl^c-ll, ^x-ll o]^ 7l##^ ^>ol Af^^l-^ ^^^l£ ^^1 ^>M-^ 7l#(<^lS 
^11:511 oi^)^ A>-g-€:H -2.^^^ n^^^tt ^^1, 7l^ 
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<30> ^ s^t^^S.^ ^^]6\] tflt!: ^ 

^ ^i^^<=^i 9X^. =?-n^^s.^ ^mefl^i^, ^mefloj^yi-^, §>-^|oi 

<^ll:5fl'^l^, HS.£B]-ol3g 7j-§l-7ll ^^oil^i ^^^AS. Al-g-^o.^A-1 

^£ ^^1:^ JL^^^^ ^cfl^l^lJi, 7l-Al£# ;^l^^oil 

oXo]X\ ^^o^ X-1§V# ^^^7-171x1 ^Jl, ^711 ^^#<^1 cll*V A]^*V 
T^tH^d* 7l-^^>7ll *!rx:l-. 

<3i> ^1-71 ^2l#^ ^^^^1-71 ^^}<^, ^ ^^<^1 nil-^ ^^Ife 4lHH^^l 

1 ^Ri-^ HDL ^l^ell^lBl iflx]^ 1 o]^i-2l ;^j^^^^oi oi^^l-^ l^^l^i-sl 
^^fBl^l-, 1 ojAj-o^ §l-:B^|c^]oll^efloiBl 1^X1^ 1 ol^J-o^ 7.ii:efloi^7>^7l 1^x1^ 
1 olAj-o^ HSSBl-ol^gAl^^tfl ^ ^^<^1 ^1-^1 ^ 

# 4iHH^:iH^, 1 ^]^^^ HDL ^ll-5flolBl7l- ^^^1-^ 1 ^^^^ 1 ^1^1- 

^ ^d^^#l-<^l ^^1-^ 1<=1^>^ ^^^i^, 1 §l-:^^|oloii^5iioiBi iflxi^ 

lojAj-o] Al^5llo]^7l-^7l i^^l^ 1 ojAj-o^ S^SBl-ol^gAl^tfl O.^ ^^d^m-. ^ 
^Vx^o] ^SH^-IH^ ^^BlollAi ^^JSlt^l, 41-71 ^711 ^VxHl 2C>1 

^^Bl#ol ^^<^1^ -^-l^ 2c^H>5l ^^E^^ vilH^^H-S. <^^S\o]7^A^ 



90-11 



^^(functional ver if ication)<^l A>-g-^ ^ o;^^ l^tfh <^}^^, 

$X^, yfl^l (placement) ^ tifl^(routing)<^l SlJl 7\]<^]^ 

tllHsl^HcHl ^^^1 7^ (back-annotated) ^*S§>^ Hfoji^j ^^oflA-ls A>-g- 

<33> 4^HH^:ilc>1^ HDL(<^1S Verilog, VHDL, System Verilog, System C^)^ 

^V-g-^V'^ ^^^^ ^o\] o^7]ci\]t^ ^7]-^^ SiL# ^7l-t!rx^. ^71- 

^ 3.H.ir 4>7l ^7^1 ^^§1-71 ^*!: ^^ ^-^^^ ^]^^]]o]^7}^ 

^ ^}B.n<^^]^^]]o]^ iflxl^ SS£Bl-ol3g 1^x1^ 7.11:51101^ tflXl^ ;.^^^^cl 

711^ #^ 1^ ol^i- ^^sH ^^j£i^ oJf^j^ ^l-^s]-^ «o^^-^s. <^<^iy: 
^ ^}^^^], oii^ioi ^gjo. ^tii(o^i^ ^4^, 

s.^ #)# ^^3^1-31, ^i^iHo.^ TiH^i-^ <^%^ A 

^ 71^^^^ IS] ol^V %^^\'^ ^^l^^ ^^^f^^^l^, 711^^^ ^^ 

^O.^ Al-g-§>^ 71^^ «J-^#3l-^ ^Sl S>u|-^ 7li^(<^lS- ^mell^^'l 

^)# n^^S§>^ "S^^ 7li^(<:^ls §>:b^^H-^1^511c:>1^)-^1ai 

M^^S si Til §>ir 'irW. ^^11 ^^S^ §> 
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71 #2fl#(<^lS HDL ^mell^lBl) ^HlAi ^711 3.^.^: <^]-§r^ ^ 

M-i^^ ^11:5)1 o]^ A>oi^ollA^^B] 10,000,000 M-i^^ ^11:5110]^ aI-o]^^]-^]) o] 

n^^S^M ^§1-^ ^^^1 3.^.^ sflT^ RTL/gate- level tjlS^l^^H/^^^-^ 

71-2] x:!-^ a^'H^'^ ^3l-'a3r>'=i ^^J^l-^ ^s:^^lHM- ^>H.^1H ^1^^^) 

o] ti]-:^^] ^A^l-rl-. #^#^1 ^11-511 ^1^7>#7l iflxl^ ^VH-^l-^loillrellolEi 

m^lfe HSSBl-ol3§Al^it^azf §l-S.^|c^7ltiVo^ ^1^^^ (hardware-assisted 

verification system)^ ^^^Ife §11^ ^>H.^|c>] ^^IvlH^ ^1^^^ 

^HH^I^H ^^l^dBS- ^^jSl'^ ^1:^1-. ^1^ 3l-^^<='ll^i ^-S-t!: ^^1 -€^1 

s:Bo1lAi ^711 §1-^ AlzL^^om- ^^s-oll tfl^ (probing) <^1 1:^1-. ^ 

^^l-'^^ ^^Hl cfl^ 7l-Al£(visibility)7l- ^o] ^tI] 3.:e.c^1 #^ll§> 

^ ^^11- ^^§>J1 ^ll7-l§l-ir ^^1 ^^^] €-^.§1-711 ne-lM- o]Si\- 

^^cHl^i^l ^;^1^ o.^^ s:^oii^ nfl^ Ajn^s-om ^^s. 

^1 ^7llSl-7ll Sl^C-ll 0]^. ^1-71^ <U^^ A>o]^ ^^<^lAi ^;^1 

<^l-g-*t ^*J'=>1 ^^1 ^^S^7l ^c^ll ^711 ^^9] ^^1^ '^cil-ifljL ^17-1^> 

71 ^Sfl^i ^^o] Ajn^^om- ^^^§1-^ ^^1 nfl-f e^^rfir ^ 

^14. ^711 A>-g-£l^ tg-i^^ ^11:51^1^ qi^m ^11:511 '='1^71-^ tflxl^ <^ll:5lWm 
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i^^l^ SSSBfoj^g ^ofl v^^6\] s.€: ^^^^ 

-^^3^ ^^^}7\] ^^^}^ yA^ 7}^^}A] 1^} o]^^ 

^n^}7] ^SflAi, Ajoll 4>7l 1^1- ol-g.^ 1^1- ^ 

=7-^3 ^m^i ^i^m <=>l-g-*M^i 1^1- '^'l^^ ^^3# 1 ^1^1-^ 
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FPGA <=>]-%-^}<^ ^^^}7]^ 3.^.^] ^^m^ ^ 

<35> ^^^=^1^ ^ ^^<=^l^i^ ^1-^1^ ^J-^-i-'^'fl tfl^lr ^^^l^^l ^l-sll#^ 

<36> ^ -a^lS, ^ ^^<^l^i ;^l'?ls:>^ ^^1^ 4lHH^fl<>l5l- 1 Ol 

-a-Sl srl-:B^|<H<^ll:^lolBlSl- 1 o]^o] ^^E-l^l- ol 1 o]^o] ol^^^-^ 1 

<^]^Jr^ Al^^llolBlS ^^^^3L, ^^7] 1 olAj-o^ §>Il^flololl^eflolBl^ 1 o]^^o^ ^ 

^Bi^ ^^B|viiH^4a.s «a^£lcH $;ix:i-. olcq. ^j-^Hl^i^i ^BJ^ 

1^1- 3:>:B^|<>1 0111:511 olE-lS srl-31 sr^:^ ^:|H oH^- 5)1 ©1 Bll- A}^^. 

^ l^V ^^J^ 1x1- ol^o^ ^SJ o. ^ ol^J-o^ Al^5llolE-l# Al- 

<^ic:>iii-5iioiBi^ 0]-%-^^ M<u ^ 9X'^ '^i^^, -^m ^S.^ ^ 

^i:^-. §>-^|c>l 0111:511 olE-l 51 oi-g-i-^ o;^^ y^^, §1-- ^:|H oill:5ll ^1 

E-lnVo.^ ^711 ^^J^l-fe ^-f^lfe ^711 ^^1- ^>^§>JL -^^^§l-7l ^ §H 

^711 SJE-Ofl #Allsr>^ S.^ Alri^#^ ^^cfl^J-^S. ^^js:>o^ ^«J^>7ll 

^1^1- ^^1 ^711 sjcoll t^^lc^ 100% 7>Al£l- 71-^ ^ 9X^^ ^]^^^}JL 

^fl^<^ll:5llol^^ ^«S§>711 0111:511^1 ^51 ^£7> n^xl tilja^l- 

T^^^^l ^ ^^^oUA-io^ aj-i^^ 1^1- §l-:^^-lHoii^efloiEi# Al-g-§l-c^ ^ 

90-15 



eflolE^l- oj-g-ei-c^ 2 <^1^>^ AH-eflo]/^^ ^^S^l-3i, ^-S-^Hl^ 

2 ol^vo^ All:5iloi^oi ^^§l-<^ ^^fl ^sf^ o]^^ ^ <^v\, 

^ 2 ^11:^1^1^ ^ sx^n ^^tt ^^^^^ 

^^^c>\]^ ^7\^]7\ ^ SX^. §l-M-fe 1^1- ^ej(o1]^5llol 

^ ^^-11 ^^^^^l^i ^^(^IS. ^l^^S. 50,000 M-i^^^>i::f ^i^i 

^^}^ 1 o]^^ DUV^l ^/5l]sr>^ ^i-Bfl^^:a.# ^-l^^l- 

^oil cfl^l-o.^ ^^J*!-'^^ ^i^l-*}^ 'S'^^lfe ^^-M.'^m-. <=i7lo1lA-l DUV2] 41-^^^ 

14 Hfl^li^- RAM ^.ji^ ROM ne|3i combinational feedback)7l- 
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^] tfl-S-^^ till2.B](<^lS. SDRAM^^IM- DDR-RAM)7l- ^^]\^}^ ^^^1^ <^1^ ^12- 

^7^1 t^^^^ DINS. ^^d§>^ ^£ 7l-^§>ci-. o]9]- 

<^1^ ^1-71 T:fl4l-<^l^i ^l-E-Sl^^l^i ^7^1i:fl^j-^^ <y7l-5lir 

Duv^ ^^<=ii^- '^%^'='^ € ^^a^s ^^i^ 4>7i 

o]o^ AjxicHiA^ 7^^>§>^ ^^fl A]-^ ^o] ^-iL^o]6\]^^]]o]^^(c^]^ Cadence 

^ Palladium^^li^- Cobalt, Mentor^ CelaroM" V-Station, Axis^] Extreme-E ^) 
i:fl-^^'^l DUV i^^^^l ^7l]§>^ o]^^ ^^-^^ ^^l^'^'l A 

^^}A. lE^ DUV^ M ^i^i^ -M^J T^^-^il ^^^i ^^§1- 

<^ ^i^^l7l^ S>:^^|c^]o11#^llolBl#o11 ^^fl§>^ tfl-g-^^ nS-^mr <^]^^7^ 

q- §>:^^flc^^o]ll-5llolBl #^#31- <^^S\o] y^o] A>-g-Sl^ ^^Bloll #^fl§>fe 

^^fl ^^<^1 Tfl§>^ ^«3*M ^ni-^>^ ^<H^m 
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^S-S. 2^Z^6\] ^^11§>^ 2.^ O^^oZf ^ ^^Cfl 

§>:^^|<^1 0111:511 olBl#c11 ^^lle>^ tfl-g-^51 rill2.Bl# 

'^'l-g-^l-^-m- §>:B^^Hc^ll:5iloiBl S^^JJ}- <a^5lo^ y^o] a}^s\^ ^^b1<^1 

#^11 §1-^ ^tfilsLell- ol-g-§l-7-m- ^ullisl^ §l-^r]^H.€- <^l-g-«- ^ ^1^. 

<37> ^m^l7i-^;^^^^ 1^1- (0, rm 2 ^V^^ ^^#(0, r 

i), ( Tr, T2), ...( T)S. q-^ ^ ^711 §1-Jl ol^. ^^s.^ zl-zl- s.^alo.^ 

1^1- ol^o^ All-5llol/^ ^^J^l^-l 2 ol^Vo^ ^]-.5)]olB-l^ ^^^l^i ^^^^S. 

s\<^^]^ 7}^^}n tti^. ^^^^7>^^J:S.^ DUV ^^11- 2 1-^^ 5 

1, ^2, ...B^^S. ^ ^711 ^1-Jl, ols. ^^^^ z|z]- ^^^o.^ 1^1- oj^o^ 

^m^lWrn ^^J'^'ll^i 2 oj^vo^ All^ellolEl^ zl-zl-ollAi t^^ajo.^ ^gjsjo^xl^ ^ 
^ 7l-^^>7ll *ti:l-. 1^1- ^1 1:511 c:>m^ -^^J^l^i ^^j^l^i ^RV>^ ^ 

71-^^^ ^51- ^^t^l7l-^^j^l- ^Alo^l ^^l^l-o:^ 1:^1- o]^o^ ^1 ^5]] o] ^ofl A-] 2 

41-^ All:5llolB|§ A}-%r^}c^ (0, Ti), (Ti, T2), ... r)^ ^1, B2, 

...Bn S-^<^l^i ^1^^ 7l-^^l-t:l-. 

<38> ^ i^i^ll <a5|lS, ^ #^<^lAi ^l^§l-ir ^>^1^ 4iHS^4Hi4 1 o] 

41-^ ^11:511^1^71-^7151- 1 oj^l-o^ ^^fBi^l- o] 1 ojAj-oj ^^Eio]] 1 o] 

^1-Sl Al 1:511 01 Bis ^^^SlJl, ^1-71 1 ol^l-o^ Al 1-511 o] ^71-^71^ 1 <:>l^l-o^ ^^Bl 

Ai 1:511 oi^7v^7ii^ §M ^i-^*H 1^1- ^^3^ 
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^ ^o^'^^ ^Hl-^S- Tifl^ J17>^ ^11:511 o]^7>^7l^ ^^-l-g-l-* 

^:^1 #^§1-31 ^^^*>7l ^^1 3.^"^] ^711 sr>^ S.^ ^l^L^^ 

31- ^^tfl-^i-o.^ ^^S^>7ll o]si\- y^o] ^Tjl s:bo11 tfl^H 

100% 71-^ SXSL^ ^]^^^-JL ^] ^ ^] ^7}^^ ^^^-7]] 51 1^ Al^^Ho] 

^11:511 o] ^71-^71 # Af-g-^H ^^S^l-^^i l^V '^l^^ ^^J<^1 

#511^1^7^^^ ^S. ^-l^m ^^Sl-Al^li^Al ^?.]d\] l^y ^SJO] 53-^51 

^ ^X\6\] A] ^511 o] ^71-^71 # ^:^H1 tfl^ x:l-s. ^^om 

2l-^oll A]-^^ ^ ^711 ^^^A-i J77l-^ Al^5llol^7l-^7l^ <^l-g-l-# ^ ^ 

Til ^Vcf. 1x1- Oj^o^ ^^o^ 1 olAj-o^ Al^eflolEi# AV^^l-O^ ^^3^1=1-. 1^1- 

ol^o| ^e^c. o]^>o] ^]-.3flolBlS A>-g-§>C^ Al^eflo]/^^ ^^}C^ ^^3^:1- 

^ ^-f<=^l^i ^ ^^"^^S.^ «o^^« ^1- 

<39> *!r7l-Xl Af-g-^ ^ 2 cJ^Vo] Al^eflojEil- ol-g-^H 2 ^^14^^ Al 

^en-^l^* ^m^^S. ^n^JL, ^AAlcfl^ o]s. 2 oj^i-o^ Ali:5lloi^o3 ^31-^ 
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« 1^1- m <^]^^ 2 <^]^^ ^1#511<='1^ 

^llrefl^m ^^J^ ^l^^S ^^3^ ^ oii^c-ll ^^^^ ^^^<^1^ n^7|-xl 

7> 9X^ ^ ^4. ^^3(^11:511^1^71-^ ^^1 azf^^oflA-l <g;^^ 

^^(<^1S ^l^-^S 50,000 ^h^S^^lr:]- ^^^)^S.-^ ^l-^^yy} 4§>^ 1 o] 

Al^oflA-l DUV<=H1 e7fl§>ir ^l-Hfl^^il- ^1-^1-1^ ¥^H1 DUV<=^1 $7ll§l-ir 2.^ 

'^J^^^'^Hl Cfl^HAi ^7^6]] cfl^H ^«3*H^ 

^'H^l^ ^m^^7l-^^j:e.oli:q-. SOC^f n]]^ ^^V^ Al^^^fl<^l tfl-g-^^ 

till 2.51 (oils SDRAM^IM- DDR-RAM)7l- ^7lls>^ ^^<H1^ <^1^ till 2.5) #^ xfli^l 

M-^^l ^^1 tfl^J-^ DUVS ^^^^Vfe ^51 7l-^§l-x4. ^1^ ^-?-<^l^ 
tfl^Hl^i ^1^^ till 2. 51 oil q-T^lxl ^Tllcll^i-^S- ^7>5l^ ^M-i-S DUV^ 

<y^olul- ^#^0] ^ ^^^S ojcq. ^vo. AI^AIS.^ ^1-71 ^^o1] 

t:11§><^ ^^3*1-^ c11^ol--^S ^^^51<=H'='> ^cf. DUV^ 4>Hfl^^.a.# 

olo^o^ A]^6\]X] X-l^J-§>i^ Si;.fl A]-^ ^o] Al^eflol^7>4p7l#(oflS. 

Mentor^l NSIM ARES, Axis^ Excite-H, Tharas^l Hammer, Pittsburgh 

Simulation^ V400 ^) ifl^^^l DUV i^^^l ^^flsl-^ <=>]^^ ^S.^^S. 
^ 9X^^S. 7>^*l-i:l-. DUV^ SL^ ^^31- ^ 

^fl ^^Hl ^^Ai ^^§><^ ^i^l-Al7l^ A] ^efl 01^71-^71^-011 ^^il§>i^ i:fl-g- 

^21 tillS.5l# ol-g-^l-Tiq- ^11-511^1^71-^71 ^c^l A}^S\ 
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^ ^^Blcll ^^lls:>^ ^x^]S.^mr ^l-g-^l-TlM- sr>HC]^^H.l- ^ 

# ^^fl ^^^1 cfl^M ^-l^i-^M ^<^^1^ ^^^17>^;^^^ 

tfl-g-^^ ^12-S]# '^l-g-^l-7-m- ^11:511 o] ^71-^71 <a^5]c>^ 

^1 A>-g-£]^ ^^Bio^l #7fl§>^ o] -§-§1-7-1 ^u\]SL^9]- ^.r^v]^^=LWr 

(T,, T2), ... T)s. q-^ ^ ^711 e>ji oi^. ^^s-o. 1 

Sl^^m 7>^e>7ll ^i::]-. ^^^^7>^^J:a.^ DUV 2 <^HT-^ B 

^ 7l-^€rl-7ll tti:]-. att 1^1- ^11:51101^71-^^ ^tt ^^J<^lAi i^^j ^Mi ^RV 

^171-^;^^^.^ =^y^^^7}^^^M-^ ^X\o\] l^V '^l^^ ^ll:5lloi^oiiA-1 2 

0141-0^ Al^5llolBl# A>-g-§H (0, Tr), (Tr, T2) , ... ( T^-i , T)S^ B, , B2 , 
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ol4> -folxlTll ^t:f(<^lS. FPGAS- ^11 -g-^ HSSBl-ol^gAl^^ufl^] xilinx FPGA 

^ read-back 7]^^ ^^-^S 7HS# ^Jix]- §1-^ ^-f'^lfe 

100,000i3fl ^141- ^i§>^). t^Sl-^i Hol-i^ T:flA]o11 ^ ig-T^ollAio^ Hj- 
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^aZj-# ^^^H ^^1^^ ^^S. O]^^ ^ Ojcf. O]^ 

xlxHl Jzf^^oilAl <a^^ ^^(<^1S Al^o.^ 50,000 ^-h^S^^l^:]- ^^^)^SM- A> 

DUV^l ^7lls:>^ SL^ ^^ozf cy^^^ofl Tfl5r>oiA-l ^^cHl tfl§]-c^ 

^-l^^H '^'^^m ^m^^7>^;^J:a.c^li::l-. SOC^l- tifl-f 
Al^i^flcHl T:fl-g-^5] tijl2.5l(<^l^ SDRAM'^'m- DDR-RAM)7l- ^^fls^j-fe ^^'^Hlfe <^]S\- 
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^19 ^^^] tfl^H ^19*1-^ tfl4>^s- ^^^5l^<^> DUV^ 

^^>Hfl;^^i# ojo^o^ Al;goilAi X^^l-§>^ ^^1] Af-g- ^o] 

Aptix^ System Explorer Pathfinder IP Validation 

Stationi^- HSSHfojog ^j^^^^ s^tfh <^>i^e1-, ^^H<>l7l- 

<y^^ FPGA 7lti]:^ HSSBfo]^:^.^. ^ HSSBfo]^Al^^ 
^floje]- ^ ^ o^x:]-) cfl-a^o] DUV ^^^] ^^m^ ^ 
SiX^^S. ^:^^<^] 7}^^-^(^]S. FPGA^ read-back 7l## <='l-g-sr>7^M- 
US6,701,491<^lAi >5llo>^ 7l#^ Af-g-^l-i^ DUV^ S.^ ^^^^ 

^o] ^^Bl^ll e^fls:]-^ ^till2.Bl# c:>l-g-*>7-m- ^till2.Bl5f s:>S.Cl.ia# 

DUV^l #7fl§>^ 2 <^Hl-#^ ^^'^] #7fl§l-^ S-^ <y^3}- <y#^# 

o\] tfl^H^i ^#-^^3 ^^fl ^^Hl T:fl§M ^-l^i-^H ^<>1^1^ ^ 

ol^gAl^tfl^cHl ^^fl^V^ ^1-2.B]# '='l-g-*>7-m- lE^ ^^SB^-ol^gAl^efl 

^ <?l^Hl^ ^^o] Al-^5]i^ ^^fB^oll ^^fl^l-^ ^rill5LSl# <=>1 -g-§>7i M- ^ 

till 2. Si 51- ^-^i^^^B-Wr ^ ^4. 
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<42> ^1^^171-^;^^:^.^ (0, rm 2 <^]^^^ (o, t 

i), (Ti, T2), ... r)s q-^ ^ ^711 §1-31 ojs. zi-z]- 

7i-^§>7ii tt^. ^^^^7>^^j:m.^ duv 2 <^]^s] 

^ll:Sll^m<=^l^i 2 o]^^o] X\^^]o]B\mr ^}^^-<^ (0, Ti), (Tu T 2), ... ( Tn-i, 

^ ^51 7>^Sl-cf. oj^f ^^V^^ ^f^j-^Hl^i^ (0, Ti), (Ti, r2), ... 

n-i, T)^^ rn-2)... (Ti, Ts), ns^ji ^l<a $J:<=>11 (o, t{) ^-^ ^ 

;^j§l-o^ ^l«JSl-i^A^ ^sj tr^oll ^7^1 ^^3] ^ojo] ^^S:]xl7ll 5] ^1 
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1 ^Hl-^ A>-g-§><^ ^^Jtti::!-. «o^^^ ^1-^^ n"^^ 

^ o]Aj-o.^ nfl-^ 3i7}o] ^■B-^o]6\]^^]]o]^^ ^i-g-## M<a ^ 

^^cfl-a--^^ ^^^*>^ n^«S*l-7ll ^15} ^o] ^7^1 cfl^l-c^ 100% 7M:^ 
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^^># i^l^^S. ^«35:1-31, ^A^l"^]^ ol^. 2 ol^l-o^ 
^A>14 ^Afo^ ^olfl- ^^S^ ^1^% ^ ^1^. '^l 

^^^^ ^i:^^ Duv^l ^Afl^Vfe 1 oi^>o^ '^'Ife i^l- ^^S(<^11: 

sflo]^ ^xfl i^-^joflAi <^;^^ ^^(<^1^ ^l^^S. 50,000 ^h^s,^}^ ^ 

Ai-g-xi-7> ^s>^ 1 Ai^oflA-] DUV<H1 ^Aiis>^ ^i-Bfl^J:a.^ ^-1^ 

<45> ^1^^171-^^^:^.^ i^V (0, rjl- 2 oi^vo^ ^^s. (0, r 

i), (Ti, T2), ... rjs M-^<^A-i 0, Ti, T2, ... , r„ Ai^s. z]- 

z^-oijA-io^ ^i-Bfl^ 5,, ... Sn-i, s-^ ^l^*>7i^ O]^ ^ 

"S-^}^. ^^J: ^Mel- DUV71- B,, B2, ... B,^- y^<>] l^V^^ i^^^^^i 
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^^^^'^ 9X^ ^^^l^-^Hl^i^] DUVSI ^VHfl 5iS- 1-^ 

lis. Sii, Si2, ... Si„^ 1 ;^fl^^j§>^ '^'l^ z]-^^ 

^ ^J-^Hl^i^ ^^3^ 1^1- ^11:511 oi^7>^7ls. §H ^11: 

41-^ ^^^^^ 1-^ ^^J*!r4. ^J-'^^ ^1-^^ ^l^J-^S. 

^ ^1=1-. 7.11:511 oi^7>^7l^ •^'l-g-l-* M^d ^ ^11: 

^1'=>1 ^71-^71 1?]:^^ ^711 ^^Js:l-^ ^^'^'im ^711 ^^^§>J1 ^^^s:l- 

71 ^^}<^ ^711 SS-Ofl #7ll*l-ir Alri^^az}- i^^l:^ ^^^^^^S. ^^^^}<^ 

n^^S ^1-711 ^i:^-. o]S>\- ^ol ^;^1 3_^d\] tll§>o^ 100% 71-^1 7}^ ^ 

^JL ^11:511 01 ^7>^^ ^^S^VtII ^m5llol^7>^Sl ^^7} Zl^^] 

7^^s>\- v]3^^■<^^^ 2n <^]^Jr n '=>]^^ 'i'^^lTll xx\-^^^ o]s>\- 

71^^ x:^^<^] ^ ^^^]^^^ m All:Bllol^7l-^7m ^> 
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^Al-# t^^^o.^ ^^S^l-JL, o]^ 2 <^1^>^ 2-^^ ^^l-M- ^^f^ 

^^^H ^^fl -M*!^ ^^S. c^l-g-^ ^ ^x:]-. o^sflAi Al^eflo] 

^^^^S. =^^3^ ^ ^fec^l ^^*>7ll 

^11:511 <='i^ ^m^^s. ^ 9X^^ ^^^$] ^^m.^ duv 

<47> ^1^1^171-^^^^^ 1^1- (0, rn)# 2 oiAj-o] ^^#(0, r 
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l), (n, Ts), ... M-n^C^^i O, T^, ... ^a-l , ^1^^ ^ 

4i-Hfl# 5o, 5i, 6-2, ... 5„ %^ S.^ ^l-g-*>7-1M- o]^ ^ 

^§>x^. W ^l-M^I- DUV71- B^, B2, ... i9a^ 5^1 l^Hi-^ q-iro:|;^Ai 
^^^sl'H ^^^1 ^>7l ^^Al^oflA-lo^ DUV^ 4>Bfl c^js. M 

<48> ^3^11 ^ ^^<^lAi P511<?]:§1-^ ^^1^ ^SH^I-^iq- 1 

<='14>^ 1 oj^l-o^ ^^Bl^l- o] 1 oj^l-c^ ^^B^oll ^^^^ 1 

ol^>o^ ^^^^^ l-(S.^i^Al-7l ^flxli^ -.^j^Al-7l)S ^^jSjjl, ^1-71 1 ojAj-o^ S 
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'^l^ ^^1 ^Tfl sJBoil cfl^M 100% 7l-Ai:£# 7}^ ^ 9X^^ 

2f;^^oiiA^ ^^-^1 ^tt H^:£B^-oi^Ai^^^flo^ 

loj^i-o^ ^^^^^ ^^3^1^. 1^1- ^1^^ 1 ^1^1-^ 

^Aj^A># ^i^o.^ ^«j*>ji, 2 oi^i-o^ 2.Tg ^Aj-i^- ^ 

^^fl- ^^SH ^^3^ ^^S. ^ six:]-, o]^ 
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Al^^tfl^sj) sf^^oflA-] <a^^ 50,000 ^-h^^v}^ 

<49> ^1^^171-^;^^:^.^ ^^S (0, 2 c:>Hi-^ ^^#(0, T 

l), (Ti, Ts), ... (Tn-i, rn)S. M-¥<^^i 0, Ti, T2, ... Ta-i , ^1 ^ # ^ 

^i-Hfl#^ ^^^^s S-^^^VM- ^^^^^m 2 ci'Hi-^ ^^^^ 

"E-^M. ^}^^ DUV7V ... ^^'='1 1^141-^ i4¥<=H^i^i 

^^^^^ 9X^ ^-f^l 7^^X\^6\]A\o^ DUV^ '=>m 1-^ 

2.^i^A>i4 ^Aj^A>l- 2 c:>Hl-^ ^^^^^ ^Zl-<='11 §>M-^ ^71 

1-^1 *>M-^ ^^^1^ 2 <='i4i-^ s-^i^Aj-q- ^Aj^Ai-#^ ^m^o^s. ^m^} 
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^ (0, n), (n, Ts), ... ( Tn-i ^m^^7i-^^j:M.7> ^^j^ 

^^1 T)^B] Tn-s) ... (ri, T2), h^jl 

<51> ^^11 ^ ^^^l^i ^l<?>*l-fe ^HS^^1<^^ 1 

oj^l-o^ FPGA ^^^^Jl, ^l-7l l 0]^^$^ ^■^n<^d\]:^^]o]B\S>}- 1 oj^l-o^ 

1^1- 1^1- ^1^^ ^^J* 1 '^l^o^^ FPGA M-B.^ Al-g-§l- 

^^1 ^^."^1 t^^}'^ 100% 71-^1 7}^ ^ $X^^ ^1^^^>J7 ^-B. 
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BflolE-jS] ol-g-^o. ^ o^^^ -^^y ol^o^ 1 ol^>o^ FPGA :M- 

^l-g-^>^ ^^S^T^f. 1^1- '^l^^ ^^3^ 1 ^Ri-^ FPGA A>^§l-a^ 

* Af-g-W. tt^M Al-^il- ^ 2 c-l^J-o] FPGA M-B.^ <^]-^^o^ 2 c>l 

^>s] ^^^^^ ^^3^1-31, €-S-ahi^ <^]^ 2 FPGA ^ 

o]o]]^i]]o]^^ o]-^^.<^ 1x1- ^«3^lAi i^f^jo^lAi 1^1- o]^o] 2 ol^Vo] FPGA 

^. FPGA cj-g-^ ^^5] ^«3^ ^^^j^s ^ ^^tii ^ 

^^^<^1^ ^7^7} 9X^ ^ 9X^. ^>M-^ 1^1- ^^3(<^ll:5lloi^ 
^«3) ^xfl Al^o.^ 50,000 ^h^S,^}^ 

SM- ^>-§-^>7l- ^*>^ 1 ol^>o^ Al^oflA-l DUV^l ^^fl^Vfe ^>Bfl;^J:S.l- ^-1^5r>TgA-l 
^Ajcii DUV<=^1 ^;^fl§l-^ -y^^f <y^^-i.oii T^S>o^A-1 ^sj ^^o]] 

tfl^><=i n^^J^l-'^i ^i^l-^M <^<=H^m Al^tgl7l-^;^^^c:>lx:V. ^-^^ 
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<52> ^m^^7l-^;^^:e.^ 1^1- (0, 2 ^j^vo^ ^^s. (q, 7^ 

1^1- oj^o^ FPGA ^^S^l^l 2 ^Hi-^ fpga z|z]-oiia-] ^ajo.^ 

^ 7}'^^-7]] *tt:f. 1^1- oii^sflo]^^ -M^s^i^i ^^^<^i^i ^m^i 

^ FPGA M.^.^ (0, Ti), (Ti, T2), ... (Tn-iD^ , ^^2 , ... 

^11:511^1 ^71-^71 S §H ^m5ll<='l ^71-^711- 1^} ^ 

# ^^3* ^^3*>3i, ^1^^ ^^3^ 1 FPGA Al-g-§><i^ 

'^'l^ ^1-^^ '=>1^J-^S. nfl^ jL7l-^ ^mefl '='1^71-^71^ 
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S.^ AlZL^^i^l- ^^^^ ^^Cfl^j--^^ n^^S^Hl <^]^- ^^<^1 ^711 

s:^o1i €(\^}o^ 100% 71-Aisi- 71-^ ^ 9X^^ ^1^^§>J1 ^ll:efl<^1^7l-^# ^«5*> 

711 511^ Al ^311 Ol ^71-^31 ^£71- rL^Xl tiliil§>O^A-l tfl ^ 21^11 

C'l^l- n ol^l- igol^lTll ^x:]-. nl-el-A-1 ol^l- 7l^Sl wj-i^ tflAlofl ^ 

l^V ^^J^ ^11:511 01^71-^711- Af-g-^l-ol ^SJ^l-i^Ai l^V ol^ 

ol ^^cfl ol^ ^1^5ilol^7l-^^ ^£ X-l^># 3| 4151-^1 7m A-1 :^aH1 ^ 

# ^ejol ^^Hl Al ^511 ol ^71-^71 # ^^I'^ll tfl^ 4€r ^^^IM- 

^711^ 3l-<^cll AV-g-^ ^ ol;^l ^O.^A-1 3171-^ ^1 #511 ol ^71-^71^ ^1 

^ ^711 W. ^1^^ ^^3^ 1 ^1^1-^ FPGA ^^M: Al-g-^l- 

^1^^ ^^3^ 1 '^l^i-^ FPGA Ai-g-§>oi ^«jsi-fe 

^l^o.^ ^«J*>Ji, <=>]^ 2 oi^i-si ppQA :m.:^si ^ 

^i^l-l- ^^S. ol-g-^ ^ o^icl-. oi§ ^^A-1 ^11:51101^ 

71-^71 # ol-g-^l-Ocl 1^1- ^*3<^1A-1 iZf^^ollA-l ol^ol 2 ol^l-ol ppQA ^:B21 

^m^^S. ^«3€ €-0-*!: ^:i*!r^ ^^-S-l- ^^i§>7ll 

FPGA ol^^ ^^oi ^sj^ ^«3€ ^^t^l 
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-^n) 3}-^^<^i^i ^i^^s 50,000 M-i^^^m 

^M- 1 A] ^ oil A] DUV<^1 ^^fl^l-^ ^i^^l-i^Ai 

tfl§>o^ n^«S*><^ ^-I^^M ^^^Ife ^]^'^^7}^^iM.o]v^. a ^Wfe 

^-o] BJ-^^ ^i^>*l-<^ ^-^^l^ '§-^^^7}'^^^S^<^M. 

<54> ^1^^^7i-^^^:s.^ (0, 2 (0, r 

i), (Ti, 7^2), ... M-^ ^ ^711 §>ji ^^^^s. 

l^} ol^o| ppQA ^*!: ^sjoflA-] 2 c:'R>5] FPGA M.^^ ^z]-oilA-] ^^o.^ 

^ B,, B2, ... ^.^^ M-^ ^ 3in ^1-31, AA ^^^^^ 1^1- 

oj^o^ 2 FPGA 1^0.^ ^^j5l<H^m ^ 

^^^7i-^^j:a.iq- ^^^^7>^^^:a.# ^^l-^l ^^^M i^V '=>1^^ ^«S<^l^i 

2 FPGA A>-g-s:>c^ (0, Ti), (Ti, 7^2 ), ... (Tn-iDs]- Bx, B2, 
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n^«S^l-3i, 1^1- oi^o^ 1 o]^^o^ FPGA ^>-g- 

M<il ^ ^711 1^1- oj^Lo^ ^ej^ 1 o]^l-o^ FPGA ^}-%-^}^ 

^^3^4. 1^1- ^1^^ ^«S# 1 FPGA S-B.^ A>-g-*><^ ^«S*>^ 
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^l^i ^^3 ^'U ^ 9X^ «o>^-i:S^ ^^^^^ ^f-g-W. 

A>-g-^ ^ cr^^ 2 <='141-^ FPGA ^l-S-§>^ 2 ^H^-^ ^^^^ 

^ t^l^o.^ ^-S-Ajoil^ '^l^ 2 FPGA -S-JB^ ;iiz]-# 

*M ^^fl -a^J^ ^^S. o]^^ ^ oir]-. H^SBfol^^l^^tfl^ 

<^l-S-^>'=^ 1^1- ^«J<Hl^i :2l-^^<^l^i oi^o^ 2 oR>s] FPGA 

FPGA ^B-Wr <^]^^ ^^^^^ ^^tll ^A*!: 

<^^j ^^(<^]S. 50,000 i^-i^S^V^ 

^^J^V'^ ^i^l-s^V^^i ^^^m ^l^^l7V^^^:a.^li::l-. a ^l-^-^ 1^1- ^ 

^ ^«KSS:&Bfo]3gAl>^^fl ^sj) jz|-;^Jo1lA-l DUV^l ^^fl§>fe 2 ^-^ 

# z]-z]-oil #^11 §1-^ S-^ -y^s}- <y^^^ofl cfl^HAi ^^-11 ^^oil T:n§> 

<^ ^n^-<^ ^]^^^}<^ ^<>1^1^ ^^^l7>^^^^ol4. 

<56> ^1^^171-^^^:^.^ 1^1- (0, r)# 2 ^^^^ (0, T 

i), (Ti, 7^2), ... (Tn-iT)S. M-^ ^ ^711 ^>JL ojs. ^^S-O. 2^2^ 

1^1- o]^s] FPGA ^t!: ^^S'^l^i 2 ^H^-s] fpga ^^'^l^i ^^^^^s. 

^^Ssl^^m 7]-^s>7il ^^^^7>^^j:a.^ DUV 2 
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<^1^^ ^^J'=>11^i 2 <^l-^oi-^ FPGA ^^.-i: i^l^^S- ^sjs]^^!^ ^ 

^S-^l^i 2 c>l4Vo^ FPGA -S-H-l- A>-g-€:>oc] (0, Tr), ( Ti, ^2), ... ( T^a-i T)^ ^1, 

^141-^ 1 c:>Hi-^ ^^^^ 1 <='Hi-^ ^^B-joll ^^^^ 1 ol^l-o^ 

FPGA iH-S ^^^5]J1, 1 oj^l-o^ ^j^eflolB]^ 1 ol^l-o^ ^^B-]ir ^^BjtllS 

§l-al(2'='H^^ Al^5llolBl# o]-g-^>^ ^^<^lfe ^11:511^1 ^(distributed 

simulation)^ n^«3^), "A^-^ ^^S^ 1 ^H^"^ FPGA ^=1- A>-g-§>o.^ 
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^ ^-T-^ ^]3^^^^^ tfls^ 21311 n c^i^i- ^c^HxiTll ^1=1-. t^BfA-i o]sq- ^ 

^l^-l^^i ^^Hl 1^1- ^«3<^1 ^asl^ ^^l^ii ^>7l lo]^^$] All-5)lol^^ :^ 

«a ^^Hl tflt!: ^^^m ^>^1^ ^^^1 Ai-^€ ^ ^711 ^^s^i 
^HreH^lE^o^ '^l-g-l-* ^ ^711 *Vx=l-. 1^1- oj^o^ 1 o]Aj-o^ ppGA 

Af-g-^i-o^ 1^1- ^1^^ 1 '^Hi-^ FPGA ^}%^- 

'^^^ ^1-^^^. ^7l-xl Al-g-^ ^ o;^^ ^o^^^^ 2 ol-^>^ FPGA ^1-g-^H 2 

^Hl-^ ^^^^^ 1^1^^^ ^«S*l-3l, ^A^Hlfe ^1^ 2 ^14>^ FPGA M-B.^ 

^^fl ^^3^ ^ ^1^. ^sflAi All: 

5flo]Bl# cr'l-g-s:}^^ ^«S<^l^i 31-^J^l^i <=>1^^ 2 FPGA 

FPGA -S-^l- ^1-g-^ t^l^^S. 9X^^ 

tt^ ^iM-<=>\]^ ^7}:^]7} ^ $X^. §>i4^ 1^1- ^«S(^ll:S|loi/^ ^^S)^ 

^1 3l-^^<Hl^i ^^(<^1S. ^m^S. 50,000 i^i^^T^Vi::!- It^^ A>-g- 

7-}7} ^^Vfe 1 o]4i-o^ Al;^oiiAi DUV<^1 ^^11^1-fe 4T-B)l;^j:e.# x-l^>^>i^A-l :^Aloil DUV 

^^11*1-^ 5Le ''^^^ <y#^^^l cfl^H^i ^^-11 ^^^1 ^*>^ 

# n^*S*>^ ^-1^^><=^ ^<H^1^ ^m^^7i-^;^^:e.olx:l-. x:]-^ ^}^^ i^} 
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^35(^1^51101^ ^-^i^]^"] DUV<H1 2 ^1 ^1-^51 1-^^ zi-zi-ofl 

^m}^ 3.^ <y#^#<Hl i^^H^i ^^1 ^^<H1 

^i^i-^>^ ^'H^lfe ^^^l7]-^;^^ioiTri-. 

<58> ^1^^^7l-^^^^^ l^V (0, rm 2 o]^^o^ ^^s. (0, T 

i), (Ti, 7^2), ... M-^ ^ ^711 §>ji ^^^^s 

1^1- ol«Lol ppQy^ ^^Jo^l^i 2 olAj-ol ppQA ^i^l: ^T-Zl-oflA-l ^ ^ O.^ 

7l-^§>7ll ^t^. ^^^^7>^^j:M.^ DUV 2 Ol^l-ol M.^ 

^ Bi, B2, ... 5n^S M-^ ^ ^711 ^}3L, 1-^^* ^^^o.^ 1^1- 

ol^ol ^^JoflA-l 2 c^l^l-ol ppQA ^^<^]■^^ ^^^^S. ^^S\o]^]^ ^ 

# 7l-^s:>7ll *tcl-. 1:^1- ^llrellol/^ ^sj^ ^sjoi a2f;^^oiiA-l ^l^if 

l7l-^^J^5l- ^^^^7}^^iM-% ^X\d\] 1^1- ^1^^ ^^l^l^i 2c:'l 

-a-^ FPGA Ai-g-^>oci (0, r,), ( r,, r^), ... in-iT)s>\- b^, B2, ... ^ 

„ SL^c^l^l i^l^o] 7]-^§l-i:l-. 

<59> 1^1- ^]^$\ ^^J^ FPGA <^l-g-§>^ ^^<^1 ^l^^l7i-^^^:a.€- 

ol-g-^rl-Tll FPGA 1 oi^i-oi FPGA<^1 DUV Sfe DUV 

'a^^<='11 ^7fl§>^ S.^ Hfl^l nSljl ullS.5l<^l tflSt ii7l^^^ ^-^<^1 

t^7l^^oi ^A5:l-cl-. o]9\- FPGA^^l ^^tfl^Mi tfl^i-c^ §^71 

^^1^ ^7l^^^ ^^J^l-^ ^^^^ ^^^^ USUSe, 701, 49151- PCX #^#<?1 
^§1(PCT/KR01/01092)<^1 x>Ail§l q-^l- ^^^S. ^S^§>7lS ftcl-. ^^l^x^-^^ 
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USUS6,701,4915f PCT ^^^'^ (PCT/KR01/01092)# ^l-g-^V^S FPGA:e-:^<Hl 
^ DUV^l tflsflA-l£ 100% 71-^1 ^£ 7}^^-^. 

<6o> ^oi]Ai ^T^tt i^V 2 oi^i-o] ppQA 

^^<=H1^ 2 ^]^^$] ^^^i l-^^i ^711 ^^2]^^ 

•^l^iir (0, Ti), (Ti, 7^2), ... in-iT)^S. ^]^J:^m7}'S-^iM.7} ^^j^ ^-fofl 

^ ^^Al^oiiAi ^o]] o;[^ D^Bl (Tn-i, Tn-2) ... (Ti, Ts), nslJl 

^1"^ ^fe (0, Ti) ^^S^V^^i ^^S £^'='11 ^^1 

^^1^ ^^^1 ¥1^^1711 oj^o^ FPGA M.^^ ^l-g-*V ^711 ^3^*>^ 

^^1 7}^^-^. ^>M2l- 1 '^'l^^^ FPGA ^^1-^ 1 ^Ri-s] FPGA 

^ S^-g-^o] DUV^l 711 0]^ -g-^-S-i^l- ^^<=Hlfe DUVi^<^l e7fl*>^ Ir^^'^'lM- 

DUV# '^^^S. ^l:(partition)§>^ ^5 ^^5]^ 1:^^^ ^1-7] 1 ^l^S"^ FPGA^l ^€ 

<6i> ^}^]^ ^ ;^1^§>^ ^^Ife ^SH^I^i^ 1 

^141-^ ^llrellolE-l^ 1 oj^l-oj ^^E-l^l- o] 1 0]^^$^ ^^Bjoll ^^^^ 1 0]^^$] 
l-(S.'a7^A>7l aflxli^ ^^j^^A>7l)S. ^^^£l<^ Xil^. ^1^ ^d- 
^Hl^i^ ^^J^ 1^1- 1 Al^5flo]Ei^ §H Al^efl 

^1B1# A>-g-§>o^ 1^1- ^gj^ ^«S*>31, 1^1- cr-l^Sl 1 ol^l-o^ 
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711 ^^^§>31 ^^^*l-7l €^1 S^^l ^^11 -2-^ Aln^s.:a]. 

^^tfl^Vo.^ ^^^*><=^ ^1-711 ^t:^-. ol^q- ^o] sH-ofl cfl^H 100% 

^5171- n^;^l ^-f^f HlJi7§>o^Ai Tzflel^ 2^11 oj^V 3. ojAj- «go:|;^l7ll 

^ 1 oj^Vo^ All:5ll<^lBi# A>-g-^>e,^ ^«3§1-1^>| 1^1- 0]^$^ ^^6\] 3| 

^In^^azf ^^^ni-o. ^gj ^sf^^c^l^i ^^§1-0=1 ^^011 Al^eflo] 

^o] ^jr x-l^Vl- ^:il5l-Al7li^Ai ^^A^l ^^o] ^^5]^ ^aH] 

^1-71 1 X\^^]o]^^ ^^]6]] ^^^IM- 1=1-^ ^4^]^ ^ 

<^6\] A}^^ ^ ^711 Al^sflolBl^l oj-g-l-^ ^ ox^] ^t\- . 1^} o] 

^^S^ 1 <='Hi-^ 7.1-^^H 1^1- <='l^^ ^ 

^>-g-W. t!:7Vxl A>-g-^ ^ o;[^ tg-i^^ 2 ^^^^^ ^l-g-§>^ 2 ^Hl- 

9] £.it ^A>q- ^Aj t^l^O.^ ^*J^>J1, €-S.AH1^ o]^ 2 <=']^^B\ £.it 

^A>U|- ^Aj ^Al-o] ^jzl-# ^^^H ^^fl ^^J^ ^^-S. O]^^ ^ O^^Cf. O] 

# ^«fl^i 1 ^11:511 '='lBl# c^-l-g-^H 1^1- ^^3<=>ll^i sf^j'^l^i 1^1- 
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^SC^llrsfl'^l^ ^^S) ^^fl ^^^^l^i '^^^ ^^(^is. ^l^^s. 50,000 M-:t2. 

<62> ^]^^^^7}^^^M-^ 1^} (0, rj# 2 olAj-o^ (0, T 

i), (n, Ts), ... (Tn-iTjS. 0, Ti, T2, ... r„-i ^1^^ nn'^] 

^ol-^fl## ^ifl^^S ol-g-^l-oc] ^Aj^A># 2 c:>l^o>^ ^^^^^ 1- 

^. <^m^ DUV71- B,, B2, ... 1<^14T-^ M-¥^^^i ^ 

^^Sl'^H ^>7l ^^Al^oflA-lo^ DUV^ %A c^l^ 1-^^ 

^^l-Hfl^S 5L^i^A>u|- ^A^^A># 2 <='l^ol-^ ^l-Zj-ofl sr>i4^^ 2:7141- 

<63> 1^1- ^^S'^'l ^m^ll^lBlS ^melloi^oiei-i^ 

^1^^^71-^^^iollAi ^A*!r 1 c^Hl-^ ^#A>ol^o^ ^^^Al^cflA] 4i-Bfl^j:a.# ^ 
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e>Jl(4Ml^ ^1^^^ USUS6,701,491^ PCT PCT/KR01/01092# 

HDL ^HreflojBl^ save ^^<H# ^>-g-§l-^ ^Hrefloi^^i-Bfl^ 
x-l^v^l-ji o]^a-Bl ^o\] ^^n^^^^ ^#§>^ ^£ 71-^*1- ji, lE^ HDL ^11- 

^£ 7l-^§>i::l-. 

<64> ^>7l ^aj ^ofl ^ ^T^o^ ^a] ^ 0];^^^ ^w.^ ^V^*!- ^ 

A] o^joil Aj-A-fl*V ^«J^^>711 H-eiM-Tfl € ^^14. 

<66> £1 (b), (c) ^, ^^E-icHiA-i ^<=gsi^ ^ li-^^ iHH^fl^^ ^j-'^m 

<67> £1 (d) ^, ^^E-lcHl^i ^'^sl^ ^ ^HH^fl<H^ ^>^l*!r 2 o] 

^^^iS. ^^j^ ^ ^^^011 ^711 5£ cf^ 

^ S>:B^flc:H 0111:511 ^IB-IS- ^^^§>JL, 1^1- ^1^^ ^^S* ^« 1 <='141- 

51 ^ii-i^ioiBis. ^^^^ <a <^]mr 7]\^'^^s. s^i^ £1^011^1-. 

<68> ^1 (e) ^, ^^EioiiA-l ^<^£l^ ^ ^SH^I^^l- 2 
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<69> :£1 (f) ^, ^^BjoflA-l ^<^£l^ ^ ^SS^fl^i^l- -a-^m 2 c:"! 

<7o> :£i (g) fe, ^^B-icHiAi ^^5]^ ^ ^s:Eojic^5^ AJ-ol«^ 2 

^^BlS. ^Aj^ ^ «VT^o11 ^^1 a 4^ 

<71> £1 (h) ^, ^^Bi^llAi ^^^Sl^r ^ ^HS^^l^^ ^J-'^l^ 2 ^1 

^1-^ ^^B]^ ^Aj^ ^ ^T^oii ^tt ^^1^ a 

<72> £1 (i) ^, ^^BjollA-l ^<^£l^ ^ ^^5] ^iHH^fl^^l- 2 c:-! 
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<73> £1 (j) ^, ^^B]cHlA-i ^ ^HS^IO]^ ^j-oltt 2 O] 

<74> £1 (k) fe, ^^BloflA-l ^<=§£lfe ^ ^^5] ^HS^fl<H5l- ^1-0]^ 2 

^^Bis. ^^^^ ^ ^^^<^i a 4^ 

^ ^>H. ^|cH oil ^ 511 ^^^^>JL, 1^1- ^1^^ §1-14^ 

<75> £1 (1) ^, ^^BjollA-l ^ ^-^S] 4lHS^fl<>1^ ^<^]^ 2 

<76> £1 (m) ^, ^^Blo]lA-1 ^<^£lfe ^ ^HH^|c>l5V 2 c^l 

^J-^ #!fi##JJl- ^^W^S. ^ #^<^1 ^711 ^v^l^ a 4^ 
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<77> J£l (n) ^, ^^Bjoil^l ^<^£]ir ^ diSH^|<^^ 2 ^1 

S.Tg^A>7l ifl^l^r ^^c^^ ^1-715. ^^^*!: <a 7fl5^^^S. SA]*!; £1^0] 14. 

<78> £1 (o) ^, ^^BloflA-l ^<=§£lfe ^ ^^5] ^HS^fl<H5l- ^1-0]^ 2 

^^BlS. ^^^^ ^ ^^^<^1 a 4^ 

*a <^1# 7fle^^o.^ £7,]*!: £1^^^, ^^1^0.^^ 1^1- ^sj o. o^^ 

<79> £1 (p) ^, ^^BjoflA-l ^ ^-^S] 4lHS^fl<>1^ ^l-<^lt!: 2 

^1-0^ ^^B]^ ^ ^711 ^§ ^^l^] ^ i::]-* 

<80> £1 (q) ^, ^^BjollA-l ^<^£lfe ^ ^^o]^ 2 

^^W^S. ^ #^<^1 ^711 ^V^l^ IE 4^ 
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<81> ^1 (r) ^, ^^BjoflA-l ^<^£l^ ^ ^SS^fl^i^l- -a-^m 2 c:"! 

^ 1 ^l^J-^ Ai^efloiEi^ ^^^^>3L, 1^1- '^l^^ FPGA 
<82> £1 (s) ^, ^^BloflA-l ^ ^HH^-11<H^ ^>ol*!r 2 

^Vo^ ^^^i^ ^^^^ ^ ^^^1 ^tt ^711 ^xlo] 5£ V]-^ 

FPGA M-^S. ^^^^ <^1# 7ll^^^S. 

^^Bis ^Aj^ ^ «VTgoii ^7^1 ^^is] 'a '^i^i^i 1^1- 

^^3^ §>S.^^l<Ho11^5llolF| iflxlfe ^11-511 o] /a 71-^71 xflxl^ HSSB]-ol3gAl 

^^Js:]-^ ^^^^ 7fl^^^^ S^lt!: 
<84> S.3 ^, ^^BjollAi ^ 2 Ol^ol-^ 
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^^BlS ^^j^ ^ «VT^o11 ^^1 ^^1^ <^l<^l^i 1^1- 

^^Bi^ ^Aj^ ^ ^Tgcl] 2]-^ yA^ ^V^jo^ <a c^joflAi 1^1- 

-M^S^ §>:^^fl^ 0111:511 olE-l Iflxl^ Al ^511 ol ^71-^71 iflxlfe SSm-^l^^l 

#^#^^1- ^^BlS ^^j^ ^ ^^<^ ^^IS] «^ <^HiA-l 1^1- 

^^S^ ^>H.^^Hoill:SlloiE-l xflxl^ All-ell ol^7l-#7l 1^X1^ HSSBl-ol3§Al 

^^U^oflA-1 n^^3^>3L, 1^1- o\^9\ ^SJ^ 5:1-140] S.Tg^Al-71 vflxl^ ^A^^Al-7l 

^A-l^l ^sj§]-i^ i?l-;^j^ 711^^^^ S^ltV £1:^^,1x4. 
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^^BlS. ^^j^ ^ ^^^oll ^^IS] «^ <^lo1lA-l 

^Eflofl^i ^«3§l-j7, 1^1- o]^o] ^^3^ 2 ^l^J-^ FPGA M-B-^S. ^^^^S. 

<89> £8 ^ ^ ol-g-^l-c^ ^^jcll ^;<fls->^ 1 ol4>o^ 

<9i> vi}st\- y^o]^ ^ ^^^] ^^1 ^ ^^1 

*-8-§><^ -^«SS>^ 1^1- ^1^*^ ^^J* 

^<=^1 ^^^^ n^^^>3l, <^l-g-§H 1^1- 
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^HH^IcH^ 2 o]^^o^ t:fs ^til^l-^ ^^1^^ ^J-^Hl 

Hsi^^H^l ^7fl^>^ ^^^'^] tfl^H ^^S^^l ^l^-H^ ^ 9Xs.^ *>^cfl 

[^^^ 2] 

^1 1 %H1 Ji^^i, 
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^■5L, ^1-71 1^1- -a^J^ 1 oj^l-o^ 1^1- 

1^1- ^ejofl A>-g-^ 1 ol^>o^ ^^^^^ ol^> 

7l-^§>7ll §l-ir €^1 

I^^^ 3] 

^1 1 ^^^] ^^^i, 

^Vfet-ii ^Atb ^i*!:^ 1^1- ^^^'^il^i ^f^^^s ^^^^ 
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§1-711 -^^S§>^ 7l-^§>7ll ^Tjl ^v^i. 

sHM- ^^j^s- ^S^j^ Tll^^i:^^^^ vii:EB:)^:Eoil ^^i]§>^ o_=.o^ 

^Hl^i^] IS] oi^>o^ q-nr^^i n^^J^H, ^>7l 1^1- ^^3^ ^ 

^^^^ 1^1- 31-^^^l^i ^V^^^s. ^ 
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[^^^ 5] 

2 ol^^l-o] ^^^^^ <=>l-g-*>'^ ^^1 ^^J^l-^^ 

^Til ^>7l 2 ol4>o] 1 ol^l-o] m^j 

s] oi^vo] ^^S*>^, ^^3^ ^^S§>^^i 1 

^^5^ ^#^><^1# ^m^^#<^m- ^^1 ^^^^^ Tflois 

^ ^di^S] ^^M-Wr 
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711 *>fe ""^^ 

I^^^ 6] 

§l-M-<^l^oHl^i 1 <^1^J-^ 4Ml^i^ isl ojAj-o^ -a^S z^z]-^ 2 

oi^>o^ 4Hl^i tfl^^^ ^sj^^S-Ai ^#^1-711 ^*S^>^ 

7l-^§>7ll 

I^^^ 71 

^1 6 «j-oll ^^iTc], 

§l-u|.olAj-oflA] Cl-s. 1 Ol^l-oj ^oMMi^ 151 Oj^l-o^ ^SJ ZVZl-^ 

^«J^>7l ^tt, ^>7l 2 ol4>o^ ^^^^ # '^H>^ ^is. ^>ol*^ Z^-Zl- 

^^^}^ 7V^§l-7ll §1-^ 
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I^^^ 8] 
[^^^ 9] 

^#^i-^m ^#^><^i# 1 ^H^-^ 

^^S^l^l^r 3f^^<=Hl ^<H^i, 1^1- ^# ^Hl 4>Bfl;^^i# ^i^>*l-^ A] 

^o] ^^A]^ 2jo.^ ^]<u ^^1 ^>Bfl^j:a.# ^1-71 
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711 

[^^^ 10] 

^1 1 ^^1^ ^1 2 ^1 3 i^^l^ ^1 4 ^^1^1^ ^-11 5 ^^'^] 

^#<^lAi DUV^l -s-^^^-S-^ ^#^H1# ^^-iHl^i DUV^l S.^ '^^^s]- '^^^^ 

1 o]Aj-o^ s\.o^ ^EflS ^i^>*l-^ S^§>^ €711 HoV^ 

[^^^ 11] 

^1 1 ^^1^ ^1 2 «J- ifl^^lfe ^1 3 ifl^lfe ^] 4 i^^l^ ;^1 5 «J-^1 

1^1- ^m^] ^>-g-^ #!«#^1 1 <=>]^^^ ^11:511<='1B1^ oj^c^ 

Ai, ^^^s] ^^1^1 1^1- 3l-^^<^lAi ^^^s. 

#<^l^i ^ll:5fl^l^^oT-^# 1 sl-<a ^^flS x-l^i-*}^ S^i-§1-^ €711 

I^^^ 12] 

^1 11 «J-^1 ^^Ai, 

41-71 1 ol^l-Sl All:5llolBl^ ol-g.*^ 1^1- Ajej ^ofl 1 ol^T-o^ 
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oflA-l Al^eflo]^ ^]^^}^ "J-'^* ^ll:5llo]Eis] save ^>-8-*>Ji, 1 

^d-Hfl^^^^ollAi-a-B] ^ o^S.^ §>fe ^7^1 i^'^ 

[^^^ 13] 

I^^^ 141 

^] 6 «J- ifl^l^ ^1 7 ^J-'^l Sl^^i, 

1^1- ol^o^ z^-z]-^ 1^1- 3f^^<^lAi x-]^^ 2 <='1^>^ DUV 

^j^H 25] oi^vo^ ^s^o] ^^a] o.^ ^V7l 2 oj^l-o] 

■^-l-g-^H ^ ^^B^oii ^^§1-31 ^^s-H ^^1^ ^^-s. p^l^^l-^ 
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I^^^ 151 

^1 6 *J- ^^]^ ^1 7 ^<H^i, 

1^1- ol^o^ z]-z]-^ 1^1- ^ej^ :^§l-c:x^ <^o]^ 2 <='14>^ 1-^ 

<^ ^ ^^B-]oii ^^§>ji ^51}-^ ^-11 ^*>^ 

[^^^ 16] 

1^1- ^119 #^1 1 ^H^-^ ^l^'^'ll^i ^-1^>^ 1 <^]^s] ^n^^^s-^ ^ 

tfltt ^^S^>^ ^4:^1 «o>^ 

[^^^ 171 

^1 4 ^^^i, 
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'^l^^ ^1-71 ^^^^ 1 c^l^J-^ sfl^ 1 ^l^J-^ 

1^1- ^«S<='11^i ^>^€ ^^^^ 

^3|-<a§>6^ AjAj^ 1 o]^o] ^oflA-] ^71-^^ ^^ol SHM- 

«S^>fe 
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